Supporting information: this article has supporting information at journals.iucr.org/e Crystal structure of 3,14-diethyl-2, 13-diaza-6,17-diazoniatricyclo[16.4.0.0 7,12 The crystal structure of title salt, C 22 H 46 N 4 2+ Á2NO 3 À Á2H 2 O, has been determined using synchrotron radiation at 220 K. The structure determination reveals that protonation has occurred at diagonally opposite amine N atoms. The asymmetric unit contains half a centrosymmetric dication, one nitrate anion and one water molecule. The molecular dication, C 22 H 46 N 4 2+ , together with the nitrate anion and hydrate water molecule are involved in an extensive range of hydrogen bonds. The molecule is stabilized, as is the conformation of the dication, by forming intermolecular N-HÁ Á ÁO, O-HÁ Á ÁO, together with intramolecular N-HÁ Á ÁN hydrogen bonds.
Chemical context
The 3, 14-diethyl-2,6,13,17-tetraazatricyclo(16.4.0.0 7,12 )docosane macrocycle (C 22 H 44 N 4 , L) contains a cyclam backbone with two cyclohexane subunits. Ethyl groups are also attached to the 3 and 14 carbon atoms of the propyl chains that bridge opposite pairs of N atoms in the structure. The macrocyclic ligand L is a strongly basic amine capable of forming the dication, [C 22 H 46 N 4 ] 2+ or the tetracation [C 22 H 48 N 4 ] 4+ in which all of the N-H bonds are generally available for hydrogenbond formation. These di-or tetra-ammonium cations may be suitable for the removal of toxic heavy metal ions from water. The crystal structures of [Cu(L)](ClO 4 ) 2 (Lim et al., 2006) , [Cu(L) (Choi et al., 2012) , [Ni(L) (NO 3 ) 2 ] (Subhan & Choi, 2014) , [Ni(L) (N 3 ) 2 ] (Lim et al., 2015) and [Ni(L)(NCS) 2 ] (Lim & Choi, 2017) (Aree et al., 2018) . To further investigate the hydrogen-bonding behavior, we report here on the synthesis of a new hydrated nitrate salt, [C 22 H 46 N 4 ](NO 3 ) 2 Á2H 2 O, (I), and its structural characterization by synchrotron singlecrystal X-ray diffraction. 
Structural commentary
The title compound has a positively charged macrocyclic dication, two nitrate anions and two solvent water molecules and was prepared during a study of the macrocyclic ligand and its silver(II) complex. An ellipsoid plot of the molecular components in compound (I) is shown in Fig. 1 along with the atom-numbering scheme. The asymmetric unit consists of one half of the macrocycle, which lies about a center of inversion, one nitrate anion and one solvent water molecule. The four N atoms are coplanar, and the two ethyl substituents are anti with respect to the macrocyclic plane as a result of the molecular inversion symmetry. The six-membered cyclohexane ring is in a stable chair conformation. Within the centrosymmetric diprotonated amine unit [C 22 H 46 N 4 ] 2+ , the C-C and N-C bond lengths vary from 1.517 (2) to 1.533 (2) Å and from 1.485 (2) to 1.501 (2) Å , respectively. The macrocycle is protonated at the N2 atom, which is similar to the situation found for [C 22 H 46 N 4 ](ClO 4 ) 2 (Aree et al., 2018) , but differs from the protonation of the N1 atom in [C 22 H 46 N 4 ]Cl 2 Á4H 2 O (Moon et al., 2013) . The protonation on the N atom might depend on the location of the acceptor atoms of the counteranion involved in hydrogen bonding. The ranges of N-C-C and C-N-C angles are 108.07 (11) to 111.14 (12) and 115.09 (11) to 115.19 (10) , respectively. The bond lengths and angles within the [C 22 H 46 N 4 ] 2+ dication are comparable to those found in [C 22 
Supramolecular features
Extensive N-HÁ Á ÁO, O-HÁ Á ÁO and N-HÁ Á ÁN hydrogenbonding interactions occur in the crystal structure (Table 1) . Table 1 Hydrogen-bond geometry (Å , ). (1) 2.31 (2) 3.120 (4) 144 (2) Symmetry codes:
Figure 2 The molecular structure of (I), drawn with displacement ellipsoids at the 30% probability level. Primed atoms are related by the symmetry code 
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Synthesis and crystallization
Commercially available trans-1,2-cyclohexanediamine, ethyl vinyl ketone and silver nitrate (Sigma-Aldrich) were used as provided. All other chemicals were reagent grade and used without further purification. As a starting material, 3,14-diethyl-2,6,13,17-tetraazatricyclo(16.4.0.0 7,12 )docosane, L was prepared according to a published procedure (Lim et al., 2006) . A solution of the macrocyclic ligand, L (0.33 g, 1.0 mmol) in methanol 10 mL was added dropwise to a stirred solution of AgNO 3 (0.34 g, 2.0 mmol) in water 10 mL. The solution turned an orange color and the metallic silver that formed was filtered off. The orange filtrate was kept in an open beaker, protected from light, at room temperature. Block-like colorless crystals of suitable for X-ray analysis were obtained unexpectedly from the solution over a period of a few weeks.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 DIAMOND 4 (Putz & Brandenburg, 2014) ; software used to prepare material for publication: publCIF (Westrip, 2010). 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
